The shelter environment may have a severe impact on the quality of life of dogs, and there is thus a need to 20 develop valid tools to assess their welfare. These tools should be sensitive not only to the animals' physical 21 health but also to their mental health, including the assessment of positive and negative emotions. Qualitative
Behaviour Assessment (QBA) is an integrative 'whole animal' measure that captures the expressive quality
23
of an animal's demeanour, using descriptors such as 'relaxed', 'anxious', and 'playful'. In this study, for the 24 first time, we developed and tested a fixed-list of qualitative QBA descriptors for application to dogs living 25 in kennels. A list of 20 QBA descriptors was developed based on literature search and an expert opinion 26 survey. Inter-observer reliability was investigated by asking 11 observers to use these descriptors to score 13 27 video clips of kennelled dogs. Principal Component Analysis (PCA) was used to extract four main 28 dimensions together explaining 70.9% of the total variation between clips. PC1 characterised 29 curious/playful/excitable, sociable demeanour, PC2 ranged from comfortable/relaxed to 30 anxious/nervous/stressed expression, PC3 described fearful demeanour, and PC4 characterized 31 bored/depressed demeanour. Observers' agreement on the ranking of video clips on these four expressive 32 dimensions was good (Kendall's W: 0.60-0.80). ANOVA showed a significant effect of observer on mean 33 clip score on all PCs (p<0.05) due to a few observers scoring differently from the rest of the group. These 34 results indicate the potential of the proposed list of QBA terms for sheltered dogs to serve as a non-invasive, 35 easy-to-use assessment tool. However, the observers' effect on mean scores points towards the need for 36 adequate observer training. The QBA scoring tool can be integrated with existing welfare assessment 37 protocols for shelter dogs and strengthen the power of those protocols to assess and evaluate the animals' 38 experience in shelters.
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INTRODUCTION

42
Kennel dog welfare is a concern affecting thousands of animals all around the world held in temporary or 43 permanent confinement for a variety of reasons [1, 2] . There is evidence that shelter environments may have 44 a severe impact on the quality of life of dogs [3, 4] . This is likely due to factors such as social isolation and 45 novel surroundings [5] , especially if these are protracted over long periods of time [6] . For this reason, there has been an increasing interest by the scientific community to develop validated tools to assess the welfare of sheltered dogs [3, 7] .
48
Over the last decades, the concept of animal welfare has evolved from focusing primarily on the 49 animal's physical health and ability to cope with its environment [8] , to recognising that animals are sentient 50 beings capable of experiencing positive and negative emotions [9] . It is now accepted that animals, though 51 healthy, can nevertheless experience negative emotions when housed in unsuitable environments [10] . In 52 addition the concept of animal welfare has shifted in recent times from focusing on the reduction of negative 53 emotions (e.g. fear, pain) to ensuring that captive/domestic animals are also experiencing positive emotions 54 (e.g. pleasure, happiness) [11, 12] . It is therefore essential that animal welfare assessment tools include 55 measures of positive welfare.
56
The potential of qualitative methods for assessing behaviour and welfare to play a role in such 57 developments, and, alongside quantitative measure, to contribute to useful measures of positive animal 58 welfare, has been a subject of review and discussion [13, 14] . Qualitative Behavioural Assessment (QBA) is 59 one such method which to date has generated a substantial body of research assessing emotional expressivity 60 in a range of animal species [15] [16] [17] [18] . QBA is a 'whole-animal' approach measuring not so much what the 61 animal is doing physically, as how it is performing these behaviours, i.e. the expressive style or demeanour 62 with which the animal is moving [19] . QBA uses a range of positive and negative qualitative descriptors 63 such as 'relaxed', 'sociable', 'anxious' or 'fearful' in order to quantify an animal's experience in different 64 situations and conditions [19] .
65
The descriptive terms used in QBA can either be developed through an experimental procedure 66 known as Free-Choice Profiling (FCP), in which each assessor generates his/her own descriptors based on 67 the observation of animals in different situations [20, 21] , or are provided in the form of a pre-determined list 68 of QBA descriptors given to observers to assess animals. When standardisation of measurement tools is 69 required, for example for the purpose of on-farm welfare inspections, the use of a fixed-list designed for the 70 purpose of welfare assessment in a particular species is more feasible than FCP. Pre-fixed QBA protocols are 71 for example included in Welfare Quality® protocols for cattle, poultry and pigs [22] and in AWIN protocols 72 for sheep, goats, horses, and donkeys [23] [24] [25] , where they serve as a measure for positive emotional state.
73
Initial validation of the application of QBA to dogs was done by Walker et al. [26, 27] . In these two 74 studies Walker and colleagues applied FCP for the first time to assessing emotional expressivity in working dogs (all Beagles), and in shelter dogs in home pen and novel test pen environments. Outcomes showed, in 76 the different dog groups, overlapping dimensions of emotional expressivity such as confidence/contentment, 77 anxiousness/unsureness, alertness/attentiveness or curiousness/inquisitiveness. Walker et al. [27] also 78 showed significant and meaningful correlations between QBA dimensions and quantitative ethogram-based 79 behavioural measures, suggesting the potential value of QBA as a welfare assessment tool for dogs. Arena
80
and colleagues [28] further investigated this potential by applying FCP to shelter dogs in a wide variety of 81 shelter environments and social contexts including outdoor/indoor pens, single/pair/group housing, and the 82 presence/absence of human activity. Results showed that by presenting more complex contexts and giving 83 the animals more opportunities to express a wider repertoire of emotions, the observers generated 'richer' 84 expressive dimensions than was the case in Walker et al.'s [26, 27] studies which used relatively standardised 85 experimental settings.
86
The present study aimed to build on these outcomes by developing a fixed-term QBA descriptor list 87 that might be integrated with existing on-shelter welfare assessment protocols. Adding QBA could provide 88 information complementary to that provided by quantitative measures, extending a protocol's power to 89 identify and detect emotional shifts in dogs across the positive and negative emotional spectrum [7, 27, 28] .
90
Recognising that QBA relies on context-specific qualitative judgment of behavioural expression [19] , 91 descriptors included in a pre-fixed list should be representative of the large range of behavioural expressions 92 that dogs could potentially show in variable kennel conditions. To achieve this goal, we generated a list of 93 suitable terms based on the available dog behaviour and welfare literature, and then used an expert opinion 94 survey to refine this list into a final set of 20 QBA terms. The inter-observer reliability of these terms was 95 subsequently investigated by instructing eleven observers to score the emotional expressivity of dogs viewed 96 in a sample of videos reflecting a wide range of shelter conditions. No special permission for use of dogs in such behavioural studies is required in Italy, since dogs were 102 observed during their daily life and within their familiar shelter pens. When dogs were exposed to people, no 103 physical interaction was required.
All procedures were performed in full accordance with Italian legal regulations and the guidelines for the 105 treatments of animals in behavioural research and teaching of the Association for the Study of Animal
106
Behavior (ASAB).
107
No IRB approval was sought for the use of students as observers, but they provided informed signed consent 108 to participate in the study and they were fully informed about the purpose and background of the study.
109
Students ranged in age from 25 and 34 years. To check for the appropriateness, relevance and ease of understanding of the 25 terms on the preliminary list,
130
we performed an expert opinion survey. For this purpose, we selected a panel of 15 international experts in 131 the field of dog personality and behaviour, shelter dog welfare and QBA methodology. The panel was 132 composed of 12 females and three males. A one-round on-line survey was arranged using the 133 SurveyMonkey ® platform. In an introductory letter, experts were told that the goal of the project was to 134 develop a comprehensive list of terms for qualitative assessment of the emotional state and welfare of dogs 135 housed in different shelter environments. Eight out of 15 experts answered the survey anonymously.
136
For each descriptor, we provided a brief semantic characterisation and asked the experts to score that term on 137 the basis of four brief statements using a likert-scale from 1 to 5, where 1 corresponded to 'not at all', and 5 138 to 'completely' (Table 2) . Experts also had the possibility to add comments in a free space if wanted.
139
Furthermore, at the end of the survey the experts could suggest a maximum of three terms that, in their 140 opinion, were missing but that they considered important to describe the emotional state of sheltered dogs.
141
This expert opinion was used to refine our original list by deleting and/or adding terms, in order to eliminate 142 synonyms, select the terms most relevant to describing shelter dog emotional state, and ensure that terms 143 were easy to understand.
144
145 Table 2 . Mean scores for the four statements presented in the survey for each term.
In your opinion, this descriptor is: Survey mean scores* The SurveyMonkey ® software automatically generated a matrix with the average scores assigned by the 150 experts to each term. We then calculated the mean scores of each of the four statements for all terms (Table   151 2). To decide whether to keep or delete a term, we used those total mean scores to establish thresholds for each statement: to be considered for inclusion, a term had to receive a mean score of 3 or more in statements 153 1, #3 and #4, and less than 3 in statement 2. Furthermore, we summarised and classified the negative 154 comments provided by the experts as 'prone to anthropomorphism'; 'too generic'; 'too similar to other 155 terms'; 'is not an emotional state'. We put aside inapplicable comments such as those repeating the same 156 concept expressed in the statement (e.g. "not useful to assess animal welfare"), those referring to the 157 definition given by the authors (e.g. "I would include 'interest' in the definition") and comments without 158 justification (e.g. "I suggest to delete this term from the list").
159
Finally, we defined inclusion/exclusion criteria in order to refine our list.
160
As exclusion criteria, we established that a descriptor would be excluded from the list if it had at least: 
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To trigger different responses, dogs were recorded during three different scenarios common in a shelter 180 environment: under normal conditions with no external intervention, in the presence of an unknown person, and in presence of a familiar person. The unfamiliar person was one of two researchers (one female and one 182 male), while the familiar person was a shelter operator available at the time of recording. The unfamiliar 183 person followed a simple protocol, approaching the fence of the kennel and standing one metre from the 184 fence ignoring the dogs (1 min) and subsequently talking gently to the dog moving a hand slowly along the 185 fence (1 min). Shelter operators were asked to enter the kennel and interact with the dog/s for 2 minutes.
186
The 13 recorded clips were cut (using the Avidemux 2.6.8 programme) to obtain clips of 1. term was provided and, where necessary, terms were discussed further among the observers.
198
Observers were told that the study had the aim of investigating whether observers can agree in using a fixed 199 list of QBA terms to assess emotional expressivity in shelter dogs. Emotional expressivity was defined as an Visual Analogue Scales (VAS) of 125 mm of length were placed next to each term. Participants were told to 203 use every qualitative descriptor in the list to score the animals visible in the clips. They were instructed on 204 how to use the VAS for scoring: the left end of the scale corresponded to the minimum score (0 mm),
205
meaning the expressive quality indicated by the term was entirely absent in that dog or group of dogs,
206
whereas the right end represented the maximum score (125 mm), meaning that the expressive quality 207 indicated by the term was strongly dominant in that dog or group of dogs. Observers were asked to avoid 208 talking during the session. On the basis of the inclusion/exclusion criteria, nine terms were deleted from the list: boisterous, aloof, 243 timorous, tranquil, serene, apathetic (all had at least two insufficient scores, and some also had negative 244 comments), affectionate, self-confident (one insufficient score and at least one negative comment), happy (at 245 least three negative comments). We evaluated the additional terms suggested by the panel of experts, and we 246 added interested, depressed and aggressive (each one, suggested three times) and reactive (suggested twice).
247
Finally, the term uncomfortable was replaced by the positive form comfortable.
248
As a result, the final list was composed of 20 terms. ( Table 6 shows the loadings of each descriptor on the four principal components (PC). PC1 was characterized 265 by positive terms curious/attention-seeking/playful/excited/sociable/interested and explorative; PC2 266 characterized dogs as ranging from comfortable/relaxed to anxious/nervous/stressed. Figure 1 shows the 20
267
QBA descriptors plotted along these first two PCs. PC3 was characterized by the terms fearful/hesitant/wary, 268 and finally, PC4 by the terms depressed/bored. Figure 2 shows the 20 QBA descriptors plotted along PC3 269 and PC4. analysis for PC2 highlighted one clear outlier (observer 10), with the remaining observers not differing from 289 each other in mean clip score. When running the ANOVA again, without observer 10, observer effect was 290 not significant (F=1.62, p=0.12) .
The Kendall W values for individual descriptors were all significantly different from chance (p<0.001), but 292 only 8 terms reached values higher than 0.60, while the term 'depressed' showed a particularly low value 293 (Table 7) .
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These four dimensions of emotional expressivity address dynamic aspects of welfare including 325 important subtle differentiations, such as that between relaxation and depression, or between emotionally 326 positive and negative excitement (excited vs nervous). From a 'whole-animal' perspective, the aim of QBA 327 is not to identify a minimal set of core descriptive terms, but to capture wider patterns of expression and their 328 context through a larger range of terms. Three terms (i.e. reactive, alert and aggressive) did not load highly 329 on any of the four extracted PCs. Looking at Figures 1 and 2 it appears these terms co-load with stress and 330 anxiety on PC2, and group together on PC4 opposite to 'bored/depressed', thus appearing to mostly reflect a 331 tense reactivity associated with a negative emotional state in dogs struggling to cope with the environment.
332
However, terms such as 'alert' and 'reactive' do not in themselves have a strong negative connotation -333 animals in positive playful mood can also be alert and reactive, or even mildly aggressive, and this likely 334 explains why these terms often do not necessarily load highly on either positive or negative ends of 335 emotional dimensions. This, however, does not make them superfluous, they can still serve to support and 336 specify patterns of positive and negative mood in dogs assessed in different situations. Overall, the four PCs identified by this study cover the four quadrants of emotional expression defined by valence and arousal axes 338 which tend to be typical of dimensional models of affect [41] , and as such should be expected to offer a 339 comprehensive assessment tool of dog emotional expression. to compare how these terms are used for scoring, significantly improves the reliability of such terms [25, 43] .
370
Thus, any future practical application of the QBA term list for shelter dog welfare proposed in this study 371 should provide ample training (including field assessments), until consistently high agreement between 372 observers can be reached.
373
In recent efforts to promote the expression of positive emotions in captive/domestic animals (e.g. 
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The present study aligns with previous QBA studies on other animal species in finding mainly good inter-394 observer reliability for a fixed-list of QBA descriptors applied to video-based assessments of dogs living in a 395 shelter environment. Agreement in ranking dogs on the four expressive dimensions was good, but a few 396 observers produced significantly different mean scores for observed dogs on the four main PCs, indicating a 397 need for training and alignment of observer 'scoring styles' [43] . The scientific community recognises that 398 welfare is a complex multidimensional concept, and that no single indicator can be considered exhaustive to 399 evaluate the welfare of animals. It will be preferable therefore to apply QBA in conjunction with other 400 physiological, behavioural or health indicators for animal welfare [49] . The QBA scoring tool developed and 401 tested in the present study can be integrated into existing welfare assessment protocols for shelter dogs, and 402 strengthen the power of those protocols to assess and evaluate the animals' experience [7] .
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